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(54) Title: METHODS FOR DETECTION OF CRYPTOSPORIDIUM OOCYSTS 



(57) Abstract 



A method of detecting the presence of viable Cryptosporidium oocysts in a sample containing Cryptosporidium oocysts, the method 
comprising the steps of a) treating the sample so as to cause any viable oocysts of Cryptosporidium in the sample to excyst, b) exposing the 
treated sample to an antibody that binds specifically to recently excysted Cryptosporidium oocysts such that the antibody binds to recently 
excysted Cryptosporidium oocysts in the sample, and c) detecting the presence of oocyst-bound antibody in the sample. 
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Methods for Detection of Cryptosporidium Oocysts 
Technical Field 

The present invention relates to antibodies reactive to recently 
excysted oocysts of Czyptosporidium and methods of detecting viable 
5 Cryptosporidium oocysts using the antibodies. 
Background Art 

The protozoan parasite Ciyptosporidium is amongst the most common 
pathogens responsible for diarrhoeal disease in humans (Current 1986). 
Infection occurs when Cryptosporidium oocysts shed in the faeces of infected 

10 individuals are ingested by new hosts. Recently, several large outbreaks of 

cryptosporidiosis have occurred in which drinking water has been identified as 
the source of infection (Smith and Rose 1990, Badenoch 1990). Surveys have 
shown that many surface water supplies are contaminated with 
Cryptosporidium oocysts (LeChevallier et al 1991, Rose 1988). 

15 The detection of Ciyptosporidium oocysts in water relies on the 

concentration of particulate matter including oocysts from large volumes of 
water prior to staining with fluorescently labelled antibodies. Until recently, 
detection and identification of fluorescently labelled oocysts required 
examination of the sample using epifluorescence microscopy. The tedious and 

20 labour intensive nature of this detection method., in particular the amount of 
fluorescent microscopy required, limited the monitoring work which could be 
performed. The development of flow cytometric detection methods has 
alleviated many of these problems and enabled the routine monitoring of water 
for the presence of Cryptosporidium oocysts (Vesey et al 1994). A major 

25 limitation of this methodology, however, is the lack of oocyst viability 
measurements. 

A further problem with the currently employed method for flow 
cytometric analysis of water samples for Cryptosporidium is the requirement of 
a flow cytometer that can sort particles for subsequent microscopical 

30 examination. Sorting flow cytometers are expensive and sophisticated 
instruments that require a highly skilled operator. 

The flow cytometric method involves staining of samples with a 
fluorescently labelled monoclonal antibody specific to the surface of 
Ciyptosporidium oocysts and then analysis with a sorter flow cytometer. 

35 Particles with the fluorescence and light scatter characteristics of 

Cryptosporidium oocysts are sorted onto a microscope slide and examined 
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b) exposing the treated sample to an antibody that binds specifically to 
recently excysted Cryptosporidium oocysts such that the antibody binds to 
recently excysted Cryptosporidium oocysts in the sample; and 

c) detecting the presence of oocyst-bound antibody in the sample. 

5 It will be appreciated that any treatment of the sample that causes 

oocysts to undergo excystation would be suitable. It is, however, presently 
preferred that the oocysts are caused to excyst by incubating the sample at 
about 37°C under acidic conditions, followed by incubating the sample under 
neutral to alkaline conditions at about 37°C. More preferably, the oocysts are 

10 caused to excyst by incubating the sample at 37°C at pH 2 to 4 for 10 to 60 
minutes, followed by incubating the sample at 37 U C at pH 7 to 9 for 10 to 60 
minutes. The sample can be washed between the steps to facilitate the 
removal of the buffers and replacement with fresh buffers at the required pH. 

Recently excysted Cryptosporidium oocysts are defined as oocysts that 

15 have excysted within several hours from treatment. Usually, the oocysts are 
exposed to antibody within one hour or less from being excysted to ensure 
optimal binding. It has been found that the antigen or antigens present on 
recently excysted oocysts to which antibodies can be made do not remain 
intact over prolonged periods. It will be appreciated that this period can be 

20 increased if the treated sample or oocysts are preserved in some manner. For 
example, freezing of the sample has been found to preserve the antigenicity of 
the excysted oocyst past this several hour period. 

The present inventors have found that short-lived antigens are present 
on recently excysted Cryptosporidium oocysts and that specific antibodies can 

25 be raised against these antigens. These antibodies can be used to detect viable 
Cryptosporidium oocysts in samples. It will be appreciated that by following 
the teaching of the present invention useful antibodies can be produced 
against recently excysted Cryptosporidium oocysts. 

In a preferred embodiment of the first aspect of the present invention, 

30 the sample is analysed by flow cytometry or microscopy to detect the oocyst- 
bound antibody. The binding of the antibody to the recently excysted oocysts 
can be measured indirectly by further treating the sample with a fluorescently- 
labelled ligand that binds specifically to the antibody and measuring the 
binding of the labelled ligand to the oocyte-bound antibody. Alternatively, the 

35 antibody can be fluorescently labelled prior to use and the binding of the 
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Brief Description of the Drawings 

Figure 1 shows flow cytometric analysis of pure excysted oocysts 
labelled with monoclonal antibodies; 

Figure 2 shows flow cytometric analysis of pure non-excysted oocysts 
5 reacted with monoclonal antibodies; 

Figure 3 shows flow cytometric analysis of pure excysted oocysts 
stained with Cry4; and 

Figure 4 shows flow cytometric analysis of environmental samples 
seeded with excysted oocysts and treated with two antibodies Cry26 and Cry4; 
10 Modes for Carrying Out the Invention 
MATERIALS AND METHODS 

Cryptosporidium oocysts. Cryptosporidium parvum oocysts cultured 
in lambs and purified by density gradient centrifugation were purchased from 
the Moredun Animal Research Institute, Edinburgh. 
15 Monoclonal antibodies. Two female balbC mice were injected with 

oocyst preparations as presented in Table 1.. Mice were sacrificed, spleen 
cells dissected and fused with NSl mouse myeloma cells and the resulting 
hybridomas cloned. Clones were screened for anti-oocyst antibody production 
by screening against fresh and e xcysted oocyst preparations with flow 
20 cytometry. 

Excysted oocysts were prepared by excysting oocysts and then washing 
in saline solution. 

Excysted SDS treated oocysts were prepared by excysting oocysts, 
treating with 1% (w/v) sodium deoxycholate at 21°C for 10 minutes and then 
25 washing in saline solution. 
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with non-excysted oocysts. This demonstrates that the antigens, recognised by 
these antibodies, are only accessible in open oocysts and are therefore internal. 

Oocysts 10 5 (existed or fresh) were aliquotted into each well of a 96 
well plate., and 100 ul hybridoma super supernatant added plus 10 ul of FITC- 
5 coupled sheep anti-mouse antibody (1/40 dilution) Silenus. Samples were 
incubated at 37°C for 30 minutes, then mixed with 200 ul of phosphate 
buffered saline and analysed by flow cytometry (Vesey, et al, 1994B). The flow 
cytometer was calibrated with dilutions of a commercially available anti- 
Cryptosporidium antibody so that positive and negative controls were defined. 

10 Analysis of all 41 clones by ELISA, indirect immuno-fluorescence and 

Western blot produced the results presented in Table 2. All antibodies were 
positive by ELISA. with results ranging from weakly positive (4- ) to strongly 
positive (+ + ++). A range of antigen sites were identified by 
immunofluorescence including sporozoites. oocyst walls and the interior of 

15 oocysts. A series of different antigen-binding patterns were identified by 
Western blot analysis. 

Western blots of Ciyptosporidium parvurn antigens were probed with 
hybridoma supernatants containing monoclonal antibodies. Solubilised intact 
oocyst proteins were separated by SDS-polyaccrylannde gel electrophoresis 

20 under reducing conditions. Each lane consisted of 1 x 10° oocysts and 

detection of bound antibodies was by HRP-conjugated anti-mouse antibodies 
and 4-Chloro-l-napthol. A series of different antigen-binding patterns were 
identified by Western blot analysis. Each group of antibodies that reacted to a 
particiilar antigen on a given site on the oocyst (for example interior, surface, 

25 wall, sporozoite) had a characteristc protein binding pattern. 

Antibodies Cry26 and Cry4 were purified using EZ-Sep (Ariirad 
Phamacia Biotech, Boronia. Australia) according to the manufacturer's 
instructions. Purified Cry26 antibody was conjugated with CY3 (Biological 
Detection Systems, PA, USA) according to the manufacturer's instructions. 
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Oocyst preparation. Oocysts (1 x 10 8 ) were surfaced sterilised by 
suspending in 1 ml of 70% (v/v) ethanol for 5 min and then washing by 
ceutrifuging at 13000g for 2 min, discarding the supernatant and resuspending 
in phosphate buffered saline (PBS), pH 7.4. Excystation was then performed 
5 by suspending in 1 ml of acidified PBS f pH 2.75, incubating for 30 min at 37°C, 
then washing by centrifuging at 13000g for 2 min and resuspending in PBS, pH 
7.4 with 0.1% (w/v) sodium deoxycholate and 0.22% sodium hydrogen 
carbonate. After a further 30 min incubation at 37°C the sample was 
centrifuged at 13000g for 5 min and fixed by resuspension in 1 ml of PBS, pH 

10 7.4 with 1% (v/v) formalin (excysted oocyst suspension). 

Staining pure oocysts. An aliquot (10 j.il -10° oocysts) of excysted 
oocyst suspension was mixed with 200 j.l1 of Cry4 (approximately 0.005 mg/ml) 
and incubated at 37°C for 10 min prior to the addition of 5 \d of a goat anti- 
mouse FITC conjugated antibody (Silenus Laboratory, Melbourne, Australia; 

15 Product DDAF). After a further 10 min incubation at 37°C the sample was 
analysed by flow cytometry. 

Staining seeded environmental samples. An aliquot (10 (.d) of 
excysted oocyst suspension that had been stained with Cry4 as above was 
mixed with 500 id (equivalent to 5 litres unconcentrated sample) of a river 

20 water sample that had been concentrated by flocculation (Vesey et al 1994A) 
and fixed in 4% (v/v) formalin. 

Filtered (0.22 jAin) bovine serum albumin fraction V was then added to 
a final concentration of 2% (w/v) before the addition of 20 |il of CY3 
conjugated Cry26 antibody (approximately 0.055 mg/ml). The sample was 

25 incubated at 37° for 10 min and then analysed by flow cytometry. 

Flow cytometry analysis. A coulter Elite flow cytometer (Coulter 
Corporation, Miami, USA) and Becton Dickinson Facscan flow cytometer 
(Becton Dickinson, San Francisco, USA) were used to analyse samples as 
described previously (Vesey et al 1994B). Sorted samples were ftu*ther 

30 examined using epifluorescence microscopy. 
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numbers of motile bacteria were observed in these samples, whereas no motile 
bacteria were observed in samples that had been treated with ethanol. 

Results of the analysis of environmental water samples that had been 
seeded with oocysts stained with both the Cry26 and Cry4 antibodies are 
5 presented in Figure 4. The first graph represents side scatter versus red 

fluorescence (ie, the fluorescence due to binding of CY3 labelled Cry26 and the 
second graph represents side scatter versus green fluorescence (ie, the 
fluorescence due to binding of FITC labelled Cry4). A box was drawn on the 
first graph around an area containing the stained oocysts. This box was then 

10 used to gate graph 2 (ie, the only particles that appear on graph 2 are those that 
appeared in the box). Two distinct populations are present on graph 2, highly 
fluorescent viable oocysts and non-fluorescent, non-viable oocysts and debris. 
The viable oocysts are completely separated from all other particles, thus 
allowing enumeration. 

15 Ciyptosporidium oocysts are surrounded by an extremely robust oocyst 

wall that can protect the organism in the environment. When a viable oocyst 
is exposed to a temperature of 37°C in acidic solution, followed by an alkaline 
solution, the sporozoites rapidly break out of the oocysts wall and swim away 
leaving behind an empty oocyst (Current 1986). 

20 The monoclonal antibody Cry4 recognises an internal antigen in empty 

Ciyptosporidium oocysts. The antigen is not accessible in oocysts that have 
not excysted nor is it present in oocysts that have excysted prior to the 
excystation treatment. Furthermore, the antigen recognised by Cry4 is 
removed if oocysts are excysted in the presence of bacteria. This would 

25 indicate that the antigen is destroyed by bacterial enzymes. 

Previously, oocyst viability has been determined on pure samples of 
oocysts by performing excystation and then manually counting the number of 
full and empty oocysts. This method is tedious and labour intensive. The 
development of the antibody Cry4 or other antibodies that react specifically 

30 with recently excysted oocysts will enable immunofluorescence assays 

employing flow cytometry or other automated technologies to replace this 
manual methodology. 

Methods for determining the viability of small numbers of 
Ciyptosporidium oocysts based on the uptake or exclusion of the fluorogenic 

35 vital dyes propridium iodide (PI) and 4Wiamidino-2-phenylindole (DAPI) 
have been reported (Campbell et ol 1992). The authors report that dead 
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the oocyst wall (Moore et al 1995). By performing excystation and then 
staining with an antibody which reacts specifically to recently excysted 
oocysts and a surface antibody according to on method of the present 
invention it is now possible to dual label oocysts and detect them using a 
5 simple analysis-only flow cytometer. 

It will be appreciated by persons skilled in the art that numerous 
variations and/or modifications may be made to the invention as shown in the 
specific embodiments without departing from the spirit or scope of the 
invention as broadly described. The present embodiments are, therefore, to be 
10 considered in all respects as illustrative and not restrictive. 
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Claims 

1. A method of detecting the presence of viable Cryptosporidium oocysts 
in a sample containing Cryptosporidium oocysts, the method comprising the 
steps of: 

5 a) treating the sample so as to cause any viable oocysts of 
Cryptosporidium in the sample to excyst; 

b) exposing the treated sample to an antibody that binds specifically to 
recently excysted Cryptosporidium oocysts such that the antibody binds to 
recently excysted Cryptosporidium oocysts in the sample; and 
10 c) detecting the presence of oocyst-bound antibody in the sample. 

2. The method according to claim 1 such that the Cryptosporidium is 
Cr}rptosporidixun parvum. 

3. The method according to claim 1 or 2 such that the oocysts are caused 
to excyst by incubating the sample at about 37 U C under acidic conditions, 

15 followed by incubating the sample under neutral to alkaline conditions at 
about 37°C. 

4. The method of claim 3 wherein the oocysts are caused to excyst by 
incubating the sample at 37°C at pH 2 to 4 for 10 to 60 minutes, followed by 
incubating the sample at 37°C at pH 7 to 9 for 10 to 60 minutes. 

20 5. The method of claim 4 wherein the oocysts are caused to excyst by 
incubating the sample at 37*0 at pH 2.75 for 30 minutes, followed by 
incubating the sample at 37°C at pH 7.4 for 30 minutes. 

6. The method according to any one of claims 1 to 5 wherein the recently 
excysted Cryptosporidium oocysts are excysted oocysts in the sample up to 

25 about one hour after the treatment of step (a). 

7. The method according to any one of claims 1 to 6 such that the 
antibody is fluorescently labelled prior to use and the binding of the antibody 
to the recently excysted oocysts is detected by measuring directly the 
fluorescence of the oocyte-bound antibody. 

30 8. The method according to any one of claims 1 to 7 such that the binding 
of the antibody to the recently excysted oocysts is measured indirectly by 
further treating the sample with a fluorescently-labelled ligand that binds 
specifically to the antibody and measuring the binding of the labelled ligand to 
the oocyte-bound antibody. 
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